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COMPARATIVELY CRAWLING WEB PAGE
DATA RECORDS RELATIVE TO A
TEMPLATE

BACKGROUND

Web pages on the World Wide Web are becoming more
complex to accommodate rapidly growing information
needs. For example, many web pages contain a variety of
information such as headline news, sports scores, market
information, shopping information, and entertainment news.
Much of the information displayed on these web pages may
not be modified by users as most web pages use fixed tem-
plates to position and display the information at various loca-
tions on the web page. The information to be displayed in the
various web pages 1s stored in relational databases before
being presented as human-readable HITML documents. Min-
ing this information to determine the underlying structure 1s
helptul for use 1n searching other data records or web pages
for similar information.

Currently, two techniques exist to search data records of
web pages to reveal the underlying structure. The first tech-
nique consists of programming a tool to search a given web
page or web site according to a pattern observed by a pro-
grammer. This technique requires a lot of user effort and 1s
very difficult to scale to a large number of web pages from
different domains. The second existing technique to search
data records of web pages mvolves the automatic extraction
of data records via search engines or programs. This tech-
nique suffers from numerous problems including unsatisfac-
tory accuracy. Additionally, the automatic extraction tech-
nique must share the same schema while different
applications based on these data record need different sche-
mas.

SUMMARY

This summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This Summary 1s not intended to
identify key features or essential features of the claimed sub-
ject matter, nor 1s 1t mntended to be used to limit the scope of
the claimed subject matter.

Various aspects of the invention provide an interactive
method to search web pages containing data records. The
interactive method enables users to obtain accurate results
with minimal effort based on the selected user criteria.

In an aspect of the invention, a template 1s created for use in
searching data records of web pages. Through some interac-
tions, users may 1dentify records of interest by selecting web
blocks. The selected web blocks may represent and define the
particular schema the user wants to extract. Based on the
selected web blocks, a template may be automatically gener-
ated. In another aspect of the invention, a user may refine the
generated template. A tree matching algorithm may be used to
extract data records from a Document Object Model (DOM)
tree. The matching algorithm may consider both structural
information as well as contextual information. The matching
algorithm may match a sub-tree to a pattern tree generated by
the user.

In yet another aspect of the invention, various data records
of web pages may be partitioned into web blocks. Users may
collect various web blocks from different web pages to form
a template that may be used to search additional web pages. A
learning process and matching algorithm may be utilized to
determine similarities between sub-trees.
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These and other advantages will become apparent from the
following detailed description when taken in conjunction
with the drawings. In addition, numerous other aspects of the
invention, modifications, and variations within the scope and
spirit ol the appended claims will occur to persons of ordinary
skill in the art from a review of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an example of a suitable computing sys-
tem environment on which the mvention may be imple-
mented.

FIG. 2 1llustrates a web page selected by a user in accor-
dance with an aspect of the invention.

FIG. 3 1llustrates the selection of data records by a user 1n
accordance with an aspect of the ivention.

FIG. 4 1llustrates search results based on the selected data
records and generated template 1n accordance with an aspect
of the ivention.

FIG. 5 1llustrates editing of the selected criteria by a user to
refine the template 1n accordance with an aspect of the inven-
tion.

FIG. 6 illustrates search results based on the refined tem-
plate 1n accordance with an aspect of the invention.

FIG. 7 illustrates selection of another web page and asso-
ciated data records 1n accordance with an aspect of the mnven-
tion.

FIG. 8 1llustrates search results based on the selected data
records of FIG. 7 1n accordance with an aspect of the mnven-
tion.

FIG. 9 illustrates a method of interactively searching data
records located on web pages 1n accordance with an aspect of
the mvention.

DETAILED DESCRIPTION

FIG. 1 1llustrates an example of a suitable computing sys-
tem environment 100 on which the invention may be imple-
mented. Computing system environment 100 1s only one
example of a suitable computing environment and 1s not
intended to suggest any limitation as to the scope of use or
functionality of the invention. Neither should the computing
environment 100 be interpreted as having any dependency or
requirement relating to any one or combination of compo-
nents 1llustrated in the exemplary operating environment 100.

With reference to FIG. 1, an exemplary system for imple-
menting the mvention includes a general purpose computing
device 1n the form of a computer 110. Components of com-
puter 110 may include, but are not limited to, a processing
umt 120, a system memory 130, and a system bus 121 that
couples various system components including the system
memory to the processing unit 120. The system bus 121 may
be any of several types of bus structures including a memory
bus or memory controller, a peripheral bus, and a local bus
using any of a variety of bus architectures. By way of
example, and not limitation, such architectures include Indus-
try Standard Architecture (ISA) bus, Micro Channel Archi-
tecture (MCA) bus, Enhanced ISA (EISA) bus, Video Elec-
tronics Standards Association (VESA) local bus, and
Peripheral Component Interconnect (PCI) bus also known as
Mezzanine bus.

Computer 110 typically includes a variety of computer
readable media. Computer readable media can be any avail-
able media that can be accessed by computer 110 and includes
both volatile and nonvolatile media, removable and non-re-
movable media. By way of example, and not limitation, com-
puter readable media may comprise computer storage media
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and communication media. Computer storage media include
volatile and nonvolatile, removable and non-removable
media implemented 1n any method or technology for storage
ol information such as computer readable instructions, data
structures, program modules or other data. Computer storage
media includes, but 1s not limited to, RAM, ROM, EPROM,
flash memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be used
to store the desired information and which can accessed by
computer 110. Communication media typically embodies
computer readable instructions, data structures, program
modules or other data 1n a modulated data signal such as a
carrier wave or other transport mechanism and includes any
information delivery media. The term “modulated data sig-
nal” means a signal that has one or more of its characteristics
set or changed 1n such a manner as to encode 1nformation 1n
the signal. By way of example, and not limitation, communi-
cation media includes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic,
RF, infrared and other wireless media. Combinations of any
of the above should also be included within the scope of
computer readable media.

The system memory 130 includes computer storage media
in the form of volatile and/or nonvolatile memory such as read
only memory (ROM) 131 and random access memory
(RAM) 132. A basic input/output system 133 (BIOS), con-
taining the basic routines that help to transfer information
between elements within computer 110, such as during start-
up, 1s typically stored in ROM 131. RAM 132 typically con-
tains data and/or program modules that are immediately
accessible to and/or presently being operated on by process-
ing umt 120. By way of example, and not limitation, FIG. 1
illustrates operating system 134, application programs 135,
other program modules 136, and program data 137.

The computer 110 may also include other removable/non-
removable, volatile/nonvolatile computer storage media. By
way of example only, FIG. 1 1llustrates a hard disk drive 140
that reads from or writes to non-removable, nonvolatile mag-
netic media, a magnetic disk drive 151 that reads from or
writes to a removable, nonvolatile magnetic disk 152, and an
optical disk drive 155 that reads from or writes to a remov-
able, nonvolatile optical disk 156 such as a CD ROM or other
optical media. Other removable/non-removable, volatile/
nonvolatile computer storage media that can be used in the
exemplary operating environment include, but are not limited
to, magnetic tape cassettes, flash memory cards, digital ver-
satile disks, digital video tape, solid state RAM, solid state
ROM, and the like. The hard disk drive 141 1s typically
connected to the system bus 121 through a non-removable
memory interface such as iterface 140, and magnetic disk
drive 151 and optical disk drive 155 are typically connected to
the system bus 121 by a removable memory interface, such as
interface 150.

The drives and their associated computer storage media
discussed above and illustrated 1n FIG. 1, provide storage of
computer readable instructions, data structures, program
modules and other data for the computer 110. In FIG. 1, for
example, hard disk drive 141 1s 1llustrated as storing operating
system 144, application programs 145, other program mod-
ules 146, and program data 147. Note that these components
can either be the same as or different from operating system
134, application programs 135, other program modules 136,
and program data 137. Operating system 144, application
programs 145, other program modules 146, and program data
147 are given different numbers here to illustrate that, at a
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minimum, they are different copies. A user may enter com-
mands and information 1nto the computer 110 through input
devices such as a keyboard 162 and wireless pointing device
161, commonly referred to as a mouse, trackball or touch pad.
Other mput devices (not shown) may include a microphone,
joystick, game pad, satellite dish, scanner, or the like. These
and other input devices are often connected to the processing
unit 120 through a user input interface 160 that 1s coupled to
the system bus, but may be connected by other interface and
bus structures, such as a parallel port, game port or a universal
serial bus (USB). A monitor 191 or other type of display
device 1s also connected to the system bus 121 via an inter-
face, such as a video interface 190. In addition to the monitor,
computers may also include other peripheral output devices
such as speakers 197 and printer 196, which may be con-
nected through an output peripheral interface 195.

The computer 110 may operate 1n a networked environ-
ment using logical connections to one or more remote com-
puters, such as a remote computer 180. The remote computer
180 may be a personal computer, a server, a router, a network
PC, a peer device or other common network node, and typi-
cally includes many or all of the elements described above
relative to the computer 110, although only a memory storage
device 181 has been 1llustrated 1n FI1G. 1. The logical connec-
tions depicted 1n FIG. 1 include a local area network (LAN)
171 and a wide area network (WAN) 173, but may also
include other networks. Such networking environments are
commonplace in offices, enterprise-wide computer networks,
intranets and the Internet.

When used 1n a LAN networking environment, the com-
puter 110 1s connected to the LAN 171 through a network
interface or adapter 170. When used in a WAN networking
environment, the computer 110 typically includes a modem
172 or other means for establishing communications over the
WAN 173, such as the Internet. The modem 172, which may
be internal or external, may be connected to the system bus
121 via the user mput interface 160, or other appropriate
mechanism. In a networked environment, program modules
depicted relative to the computer 110, or portions thereof,
may be stored 1n the remote memory storage device. By way
of example, and not limitation, FIG. 1 illustrates remote
application programs 185 as residing on memory device 181.
It will be appreciated that the network connections shown are
exemplary and other means of establishing a communications
link between the computers may be used. A peripheral inter-
face 195 may interface to a video mput device such as a
scanner (not shown) or a digital camera 194, where output
peripheral interface may support a standardized interface,
including a universal serial bus (USB) interface.

The 1mvention 1s operational with numerous other general
purpose or special purpose computing system environments
or configurations. Examples of well known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with the invention include, but are not limited to,
personal computers, server computers, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electronics,
network PCs, minicomputers, mainirame computers, distrib-
uted computing environments that include any of the above
systems or devices, and the like.

The mvention may be described 1n the general context of
computer-executable instructions, such as program modules,
being executed by a computer. Generally, program modules
include routines, programs, objects, components, data struc-
tures, etc. that perform particular tasks or implement particu-
lar abstract data types. The invention may also be practiced in
distributed computing environments where tasks are per-
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formed by remote processing devices that are linked through
a communications network. In a distributed computing envi-
ronment, program modules may be located 1n both local and
remote computer storage media including memory storage
devices.

FI1G. 2 1llustrates a web page having datarecords of interest
to a user 1n accordance with an aspect of the invention. In FIG.
2, a web browser 200 such as Microsolt®Internet Explorer®
1s utilized to display information. Web browser 200 1s shown
in FIG. 2 displaying an amazon.com® web page 202. The
amazon.com® web page 202 may be comprised of various
data records of information which may be selected. For
instance, FIG. 2 illustrates various data records of informa-
tion relating to the purchase of various DVDs. The data
records of web page 202 may concern the purchasing of
DVDs and may be organized into categories of DVDs such as
“The Hot List” 204, “Best of the Year So Far” 206, “Televi-
sion Central Now Open” 208, “Coming Soon” 210, “Hot
Future Releases” 212, and “More Featured DVDs” 214. Each
of these categories of DVDs may include a number of DVDs
ol interest to the user for purchase. Those skilled in the art will
realize that numerous additional data records may be dis-
played on web page 202 and that those shown in FIG. 2 are
only meant to be exemplary.

Each of the displayed categories on web page 202 may be
partitioned into individual web blocks of data which represent
information units. For example, a user may be interested 1n
data records similar to one of the data records displayed 1n
web page 202. The user may wish to search for similar data
records on the current web page or on different web pages for
data records containing a similar structure. For example, the
user may be interested 1n a data record such as the data record
represented by the category of information named “Best of
the Year So Far” 206.

In an aspect of the invention, the user may define a web
block to contain a data record such as the data record “Best of
theYear So Far” 206. As shownin FIG. 3, the “Best of the Year
So Far” 206 data record includes a particular structure having
a “Picture” 302, a “Description Title” 304, and three lines of
subdescription namely “subdescription A 306, “subdescrip-
tion B 308, and “subdescription C” 310. The user may define
data record “Best of the Year So Far” 206 as a web block 314
by selecting the information using a wireless pointing device
such as wireless pointing device 161 of FIG. 1. Moreover, a
mouse wheel may be used to adjust the size the web block.
Those skilled in the art will realize that other selection devices
may be utilized to highlight the portion of material which wall
define a web block 314.

The defined web block 314 may be given a name such as
pattern name 316. Defined web block 314 as well as other
created web blocks may be stored for future use in searching
as 1llustrated 1n FI1G. 2 by pattern list 216. As shown 1n FI1G. 2,
pattern list 216 may include twelve web blocks 218 named
patterns 1-12.

Based on the user selected data records of interest, the
underlying schema may be defined and extracted. A template
may be automatically generated for use 1n future searching of
the same web page or other web pages having data records
with similar content. For example, after the user has defined
web block 314, the underlying schema may be defined and
extracted. A template 401 (FIG. 4) may be generated to fur-
ther search web page 202 for additional data records similar to
the user selected data record.

FI1G. 4 illustrates use of generated template 401 to search
web page 202 for similar data records. The matching algo-
rithm 1s described later 1in the specification. Template 401
may include search criteria including picture 402, “Descrip-
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tion Title”404, “subdescription A” 406, “subdescription B”
408, and “‘subdescription C” 410. After execution of the
search based on generated template 401, three additional data
records matching the search criteria are discovered. These
three data records include data records 416, 418, and 420.
Each of data records 416, 418, and 420 match the criteria as
defined 1n generated template 401.

In another aspect of the invention, a user may refine the
generated template. For instance, in FIG. 5 a user may refine
a template to contain a data record such as data record 502. As
shown 1n FIG. 5, data record 502 includes a particular struc-
ture having a “Picture” 502, a “Description Title” 504, and
four lines of subdescription namely “subdescription A 506,
“subdescription B” 508, “subdescription C” 510, and “sub-
description D” 512. The user may define data record 502 as a
web block 514 by selecting the information using a selection
device such as mouse or key pad. Moreover, a mouse wheel
may be used to adjust the size the web block. Those skilled in
the art will realize that other selection devices such as wire-
less pointing device 161 may be utilized to highlight the
portion of material which will define a web block 514. Web
block 514 may be given a new or updated pattern name such
as pattern name 316.

Based on the user selected data records of interest, the
underlying schema may be defined and extracted. A template
may be automatically generated for use 1n future searching of
the same web page or other web pages having data records
with similar content. Therefore, 1n the current illustrative
example, the template may be refined so that the search cri-
terion contains three or four lines of subdescription. For
example, after the user has defined web block 514, the under-
lying schema may be defined and extracted. A template 501
may be generated to further search web page 202 for addi-
tional data records similar to the user selected data record.
Template 501 may include search criteria including picture
522, “Description Title” 524, “subdescription A” 526, “sub-
description B” 528, “subdescription C” 530, and “subdescrip-
tion D" 531. After execution of the search based on generated
template 501, three additional data records matching the
search criteria are discovered as 1llustrated 1n FIG. 6. These
three data records include data records 516, 518, and 520.
Each of data records 516, 518, and 520 match the criteria as
defined 1in generated template 501.

As another example, a user interested 1n data mining infor-
mation may use a search engine such as the msn® search
engine to find subject matter information. An exemplary
search for data mining information 1s illustrated in FIG. 7 1n
web page 702. In an aspect of the mvention, the user may
define a web block to contain information listed 1n a data
record such as the data record listed as the first listing of web
page 702. The first data record listing 703 1n the data mining
search results 1s mformation from Wikipedia® concerning
the definition of data minming. The user may define data record
703 as a web block 704 by selecting the information using a
selection device such as wireless pointing device 161. More-
over, a mouse wheel may be used to adjust the size the web
block. Those skilled 1n the art will realize that other selection
devices may be utilized to highlight the portion of material
which will define web block 704. The defined web block 704

may include a structure having a title 802, snippet informa-
tion snippet 804, and a URL 806.

The defined web block 704 may be given a name such as a
pattern name as illustrated at 708. Defined web block 704 as
well as other created web blocks may be stored for future use
in searching. Based on the user selected data record 703, an
underlying schema may be defined and extracted. A template
may be automatically generated for use in future searching of
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the same web page or other web pages having data records
with similar content. For example, atter the user has defined
web block 704, the underlying schema may be defined and
extracted. A template 801 may be generated to further search
web page 702 for additional data records similar to the user
selected data record.

FIG. 8 illustrates the use of generated template 801 to
search web page 802 for similar data records. Discussion of
the matching algorithm 1s discussed later 1n the specification.
Template 801 may include search criteria including “Title”
822, “Snippet” 824, and “URL” 826. After execution of the
search based on generated template 801, at least five addi-
tional data records matching the search criteria are discovered
as 1llustrated in FIG. 8. These five data records include data
records 842-850. Each of data records 842-850 match the

criteria as defined 1n generated template 801.

The interactive template generation approach 1s designed
for users to easily create a data record template. In an aspect
of the mvention, users need not review the page source code
to 1dentily information of interest.

In another aspect of the ivention, a DOM tree matching
algorithm may be used to compare and extract matching data
records. A learning process may be used to learn the features
ol the user-defined schema. From both the positive and nega-
tive mstances given by users, some base learners may learn
the schema features, including text features, 1image features,
numerical features, etc. . . . Based on these features, similari-
ties between two sub-trees may be calculated. This type of
comparison between features may be called node element
similarity. In addition to node element similarity, structure
similarity of the two sub-trees may also be considered to
improve search accuracy. To calculate the similarity of the
schema S and a sub-tree T, a matching algorithm and a dis-
tance function “dis” may be used. The matching algorithm
may be used to identify all similar sub-trees in the entire
DOM tree structure. As those skilled in the art will realize,
sub-tree structures are relatively stable factors that may be
compared without user feedback.

The sub-tree matching method and a learning method are
disclosed as follows:

Definition 1—A labeled Tree 1s a tree with alabel 1 attached
to each of 1t nodes. A DOM tree of web pages can be trans-
formed 1nto a labeled tree by adopting the tags as labels.

Definition 2—Let T[i] be the i”” node of labeled tree T in a

preorder walk. Let 1[r] be the label of node r. A mapping M
between a labeled tree T of size n, and a labeled tree T of size
n, 1s a set of pairs (1, 1), one from each tree, satistying the
following conditions for all (1,, 3,), (1,, J,)eM:

(1)

1,=15 1f ] 1=)5;

T[1,] 1s an ancestor of T[15] 1f T'[};] 1s an ancestor of

T'[i5]. (2)

[T T DL U T/ =4 T 1] (3)

In an embodiment, numerous mappings may exist between
the two labeled trees. Therefore, to evaluate the mapping
quality, an edit distance may be utilized.

Definition 3—The edit distance between two trees T and T
1s the number of unmapped nodes 1n the two trees. Edit
distance may reflect the cost associated with the minimal set
ol operations needed to transtform T into T'. By finding a
mapping with minimum edit distance, an evolved block may
be attained.

Definition 4—An ordered tree may be a tree with children
of each node ordered.
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Definition 5—1Let T[i] be the i”” node of ordered labeled
tree T 1n a preorder walk. Let 1[r] be the label of node r. A
mapping M between an ordered labeled tree T of size n, and
an ordered labeled tree T' of size n, 1s a set of pairs (1, 1), one
from each tree, satistying the following conditions for all (1,

iz): (iZ: j.’Z)EM:

1 =15 11555 (1)
T[1,] 1s an ancestor of T[i,] if T'[15] 1s an ancestor of

T'Tj5]. (2)
T =T 00 T TR T [2]] (3)

T[1] 1s on the left of T[15] if T'[15] 1s on the left T'[}5]; (4)

Intuitively, the definition may require that each node to
appear no more than once 1n a mapping. The order between
sibling nodes and the hierarchical relation between nodes
may also be preserved.

As stated above, a web page may be parsed into a DOM
tree. A defined web block may be viewed as a sub-tree of the
parsed DOM tree. Because the web block may be viewed as a
sub-tree, the matching problem may be illustrated as given a
DOM tree T and 1ts sub-tree S, when T has evolved to a DOM
tree 1", which sub-tree S'1n "I 1s corresponding to S. Given
two trees T and 1", let r and r' are their root nodes respectively.
n(1T") stands for the number of nodes 1n T", where 1" can be
T or T', or any sub-tree of them. The difference of T and T'1s
defined as Diff('T, T"). The edit distance may be accumulated
by the number of unmapped nodes recursively in the two trees
as follows:

1) All nodes 1n T are not mapped to a node 1n 1", then

Diff(T. T)=n(T)+1(T).

Intuttively, the edit distance of unmapped sub-trees may be
the number of the nodes.

2) Ifris mappedtor', the distance 1s the total number of two
trees minus the matched nodes. Assume that p1 and p1' are
monotonously increasing so that a standard dynamic pro-
gramming algorithm may be used to calculate the mapping
with minimum edit distance. Assume that there are m pairs of
sub-trees, then

Diff (T, T') = n(T) + n(T") = 2 — Z n(Syi) + R(ST ) = Diff(Spi, Shr)

O=i<m

3) If r 1s mapped to the root node s' of sub-tree S'1n 1", the
edit distance of the two trees 1s the edit distance T and S' 1n
addition with the unmatched nodes T' as shown by:

Diff(T. T")=n(T)-n(S)+Diff(T.5")

The edit difference Difi('T,1") 1s recursively defined. In the
second condition, we assume that pi1and p1' are monotonously
increasing, so that the equations may be used to calculate the
minimum difference. After calculating the mapping, when
given the tracked for a given sub-tree S 1n the tree T, we can
give a corresponding sub-tree S', which global position in T°
1s similar to S’s position 1n T. The sub-tree matching algo-
rithm enables sub-trees of web blocks to be compared. In
another aspect of the invention a learning process may be
utilized to learn or discover user preferences or needs.

FIG. 9 shows an illustrative method for searching data
records on a web page in accordance with an aspect of inven-
tion. Referring to FI1G. 9 at step 902, selected data records are
received. The selection may be made by a user using a point-
ing device such as a mouse or keypad. The user may select
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data records for containing information or format of interest
to the user. Next, 1n step 904 a web block may be defined
based on the selected information. Furthermore, 1n step 906 a
template may be generated based on the defined web block.
The generated template may be saved for future searching
functions.

In step 908, other data records located on the same web
page or on other web pages may be compared with the tem-
plate. Finally, 1n step 910 1t may be determined 11 other data
records match the generated template.

While the invention has been described with respect to
specific examples including presently preferred modes of
carrying out the invention, those skilled in the art will appre-
ciate that there are numerous variations and permutations of
the above described systems and techmiques that fall within
the spirit and scope of the mvention as set forth in the
appended claims.

What 1s claimed 1s:
1. A method of searching data records on a web page, the
method comprising:

storing, 1n a memory, instructions for performing the
method of searching data records on a web page;

executing the instructions on a processor;

according to the mstructions being executed:

receiving data records selected by a user from a displayed
web page;

defimng a web block based on the data records that were
selected by the user, wherein the web block represents
search criteria to be used to identily a similar web block
of data records on another web page;

generating a structure template based on the defined web
block, wherein the structure template represents an
underlying schema of the web block;

comparing the generated structure template to a structure
of other data records displayed on another web page; and

determining if the structure of the other data records
matches the generated template, wherein the determin-
ing 11 other data records match the generated template
comprises calculating a minimum difference using an
equation,

Diff(T, T') = n(T) + n(T’") = 2 — Z n(Spi) + (S ) = Diff (Spi, Shr)

Q=<

wherein:
the generated template, T 1s a Document Object Model

(DOM) tree template based on the defined web block;
1" 1s a DOM tree of the other data records;
n(T) 1s a number of nodes 1n T;
n(1") 1s a number of nodes 1n T";
m 1s a number of pairs of corresponding sub-trees 1n T and
1"
Spi1 1s a sub-tree of T;
Sp1' 1s a sub-tree of T';
n(Sp1) 1s a number of nodes 1n Sp1; and
n(Sp1') 1s a number of nodes 1 Spi1'
Daff (T, T") 1s recursively defined to be the edit distance
between T and T";

Dift(S,;, §',;") 1s recursively defined to be the edit distance
between S, and §' .

2. The method of claim 1, wherein the defining a web block
comprises incorporating the received data records into a
Document Object Model (DOM) tree structure.

3. The method of claim 1, wherein the web page comprises

hypertext mark-up language.
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4. The method of claim 1, wherein the first DOM tree 1s
associated with the generated template and the second DOM
tree 1s associated with the other data records.

5. A computer-readable storage medium encoded with
computer-executable instructions that, when executed, direct
a computing system to perform a method, the method com-
prising;:

recerving data records selected from a displayed web page,

the received data records including a user’s selection of
the data records;
defining a web block based on the recerved data records
that were selected by the user, wherein the web block
represents search criteria to be used to 1dentify a similar
web block of data records on another web page;

generating a structure template based on the defined web
block, wherein the structure template represents an
underlying schema of the web block; and

extracting a structure of other data records from the web

page based on the generated template, wheremn the
extracting the other data records from the web page
comprises calculating a mimmimum difference using the
equation

Diff(T, T') = n(T) + n(T") = 2 — Z R(Syi) + 1(S) ) — DIF(Spis Shir),

O=i<m

wherein:
T 1s a Document Object Model (DOM) tree template based
on the defined web block:

1" 1s a DOM tree of the other data records;

n(T) 1s a number of nodes 1n T;

n(1") 1s a number of nodes 1 T;

m 1s a number of pairs of corresponding sub-trees in T and
1"

Spi 1s a sub-tree of T;

Sp1' 1s a sub-tree of T";

n(Spi) 1s a number of nodes 1 Sp1; and

n(Sp1') 1s a number ol nodes in Sp1'

Daff (T, T") 1s recursively defined to be the edit distance

between T and T";

Ditt(S ;, §',;') 1s recursively defined to be the edit distance
between S  and 8’ .

6. The computer-readable storage medium of claim 3,
wherein the defining a web block comprises incorporating the
received data records into a first Document Object Model
(DOM) tree structure.

7. The computer-readable storage medium of claim 5,
wherein the method further comprises a learning process to

learn features of an underlying schema of the defined web
block.

8. A method of interactively crawling a web page, the
method comprising:
storing, in a memory, instructions for performing the
method of mteractively crawling a web page;

executing the mstructions on a processor;
according to the mnstructions being executed:

defining a web block based on a plurality of data records
selected by a user from a displayed web page, wherein
the web block represents search criteria to be used to
identify a similar web block of data records on another
web page;

generating a structure template based on the defined web
block, wherein the structure template represents an
underlying schema of the web block;
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comparing the generated structure template to a structure
of other information displayed on the web page; and

determining 11 the structure of the other data records match
the generated template, wherein the determining 1f other
data records match the generated template comprises
calculating a minimum difference using an equation,

Diff (T, T') = n(T) + n(T") = 2 — Z RSy ) + 1Sty ) — Diff (Spis Shi)

O=i<m

wherein:

the generated template, T 1s a Document Object Model
(DOM) tree template based on the defined web block;

1" 1s a DOM tree of the other data records;
n(T) 1s a number of nodes 1n T;
n(1") 1s a number of nodes 1n T";

10
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m 1s a number of pairs of corresponding sub-trees in T and
1"

Spi 1s a sub-tree of T;

Sp1' 1s a sub-tree of T";

n(Sp1) 1s a number of nodes 1 Sp1; and

n(Sp1') 1s a number of nodes in Sp1'

Daff (T, T") 1s recursively defined to be the edit distance

between T and T";

Ditt(S ,, S',,') 1s recursively defined to be the edit distance

between S, and S /.

9. The method of claim 8, wherein the defining a web block

comprises incorporating data included 1n the web block into a
Document Object Model (DOM) tree structure.

10. The method of claim 8, wherein the first DOM tree 1s

15 associated with the generated template.

11. The method of claim 8, wherein the second DOM tree

1s associated with the other data records.

G o e = x
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